We measured fungicidal activity of continuous infusion of amphotericin B deoxycholate plus 5 flucytosine using quantitative cultures of cerebrospinal fluid (CSF) obtained from lumbar punctures of human immunodeficiency virus (HIV)-infected patients with neurocryptococcosis during 14 days of treatment. Glomerular renal function was preserved in all patients. Mycological efficacy with progressive reduction in CSF cryptococcal colony-forming units was comparable to standard 4-h infusion of amphotericin B.
The mainstay of treatment of cryptococcosis in human immunodeficiency virus (HIV)-infected patients remains amphotericin B deoxycholate, according to current antifungal treatment guidelines. The administration of intravenous amphotericin B is associated with nephrotoxicity and electrolyte abnormalities, along with other adverse effects, such as anemia [1, 2] .
An innovative form of administration of amphotericin B deoxycholate (namely, continuous infusion) was proposed to reduce the toxicity of the drug while maintaining good antifungal efficacy. Continuous infusion of amphotericin B deoxycholate has been studied for the empirical treatment of neutropenic fever. However, all such trials have included patients with probable or unproven fungal infection, and concerns re-garding efficacy have therefore remained [3] [4] [5] [6] . Here, we report our experience in a pilot, noncomparative clinical trial with continuous infusion of amphotericin B deoxycholate plus oral 5 flucytosine in the treatment of HIV-associated cryptococcal meningoencephalitis.
Patients and methods. ! 50,000 ϫ 10 15 times the upper limit of normal values (1200 IU/L), pregnancy or breast feeding, previous severe reactions to amphotericin or 5 flucytosine use, or any amphotericin B use during the previous 30 days.
All patients in this pilot single-arm study received amphotericin B deoxycholate and 5 flucytosine. After 2 weeks of therapy, patients were switched to fluconazole. Subjects received continuous (24-h) infusion of amphotericin B deoxycholate (0.7 mg/kg per day), given in 500-mL doses with 5% glucose. Patients also received oral 5 flucytosine (25 mg/kg 4 times per day). Both drugs were administered during a 14-day induction phase. Unless contraindicated, patients received 1 L of normal saline (0.9% solution) daily. Potassium and magnesium supplementation were provided as necessary, and the use of premedication was permitted by the protocol. Lumbar punctures were performed at baseline and on days 3, 7, and 14 of treatment. Patients with CSF opening pressure 135 cm H 2 O or symptoms attributable to elevated intracranial pressure underwent additional lumbar punctures. The use of antiretroviral therapy was allowed if indicated by the assistant physician.
We prospectively evaluated patients for adverse effects and clinical and microbiological efficacy during a 14-day period. Renal function, blood cell count, and electrolytes were checked at baseline and every 3 days. Fungicidal activity was measured using serial quantitative cultures of CSF obtained from lumbar punctures. Quantitative fungal culture was performed as described elsewhere, and the number of cryptococcal colonyforming units (CFUs) was obtained at each treatment [7] . Clearance of Cryptococcus was calculated with the slope of linear regression of log CFU counts against time for each patient, giving the rate of decrease in log CFU/mL of CSF per day. Negative culture results were assigned a value of 1 CFU/mL (log 0) [7] . We also performed polyssaccharide capsular cryptococcal antigen testing in serum and CSF samples. Azotemia was defined as an increase in serum creatinine concentration to 2.5 mg/dL; in this case, the switch of therapy to fluconazole or another formulation of amphotericin B could be done by the assistant physician, and the patient was considered to have experienced treatment failure as a result of toxicity. We defined hypokalemia as a value !3.0 mEq/L and hypomagnesemia as a value of !1.5 mEq/L. We also evaluated mortality and measured subject survival at 14 days and at 12 weeks after enrollment.
Results were presented as mean values (range) or as otherwise specified. A linear regression model was made for each patient to calculate decrease in CFU count. Continuous variables between before and after treatment were compared with use of the Student's t test. Statistical analysis was performed with SPSS for Windows, version 16.0 (SPSS).
Results. During the study period, 12 consecutive patients with HIV disease and cryptococcal meningoencephalitis were considered to be eligible for the study. Two patients did not give their consent. Therefore, we enrolled 10 patients in the study. One patient died during the study. This patient presented with untreatable intracranial hypertension and severe cerebral edema, which was the probable cause of death. The patient received only 3 days of amphotericin B plus 5 flucytosine treatment and had not experienced any adverse events associated with these drugs that could be linked to the fatal outcome. An autopsy was not performed.
The mean age of this patient sample was 37 years. There were 9 male patients and 1 female patient in this sample. All of patients were severely immunocompromised and had advanced HIV disease. Baseline characteristics and clinical outcomes of the patients are described in Table 1 . At baseline, a high CSF fungal burden was present, expressed in the elevated cryptococcal CFU counts. Four patients had baseline CSF counts 1100,000 CFU/mL. The range of baseline counts was 15,000-80,000 CFU/mL for other patients. In all patients who entered the mycological analysis, we observed a progressive reduction in CSF cryptococcal CFUs, with sterilization of CSF at 14 days of treatment. An exponential reduction in CFU counts was observed, as seen in Figure 1 .
Early fungicidal activity (EFA) or fungal clearance was calculated for each patient, as described above. The mean EFA ‫ע(‬ standard deviation [SD]) was log CFU/mL Ϫ0.37 ‫ע‬ 0.05 of CSF per day. Cryptococcal latex agglutination test results were positive in all patients, but titers did not correlate with reduction in CFU counts (data not shown).
Mortality rate during the study was 10% (1 of 10 patients died) at 2 weeks; it was also 10% (1 of 10 patients died) at 12 weeks.
As shown in Table 2 , glomerular function was well-preserved in all patients, with creatinine serum levels below 1.5 mg/dL at the end of 14 days of amphotericin B deoxycholate therapy. The mean serum creatinine level increased from 0.70 mg/dL (range, 0.40-1.16 mg/dL) to 0.86 mg/dL (range, 0.49-1.12 mg/ dL). However, we observed a mean increase of 50% in creatinine concentration during treatment. Indeed, 3 patients had increases 150% at the end of treatment, and 1 patient had a maximum increase of 150%, which was partially reversed after cessation of amphotericin B therapy. Comparison between baseline values and values after 14 days of treatment demon- strated that the change observed in mean creatinine concentration was not statistically significant. No patient required dialysis. Every patient but 1 (the patient who died) received 14 days of amphotericin B deoxycholate plus 5 flucytosine as planned in the protocol. No severe infusion-related adverse effects were observed. The treatment was not changed to fluconazole or another formulation of amphotericin B during the first 14 days of the induction phase. Hypokalemia was observed in 2 patients. Mean serum potassium concentrations decreased from 3.88 to 3.63 mEq/L. We observed no signs of cardiac arrhythmia. Hypomagnesemia was observed in 2 patients. The mean magnesium serum level decreased from 1.93 to 1.7 mEq/ L. Differences in potassium and magnesium concentrations before and after treatment were not statistically significant. Anemia was a common observation. Mean hemoglobin levels decreased from 11.49 to 7.92 g/dL; 5 patients had decreases of at least 3 g/dL. In 1 patient, blood transfusion was required. Comparison of mean hemoglobin concentrations before and after 14 days of treatment demonstrated a statistically significant decrease ( ). P p .001 Discussion. Our study confirms the fungicidal activity of amphotericin B deoxycholate plus 5 flucytosine when administered via continuous infusion. The mycological response observed was remarkable. We have demonstrated microbiological efficacy with this regimen, using an established method to assess the rate of reduction in the fungal burden of disease [7] . All patients achieved sterilization of CSF with 14 days of treatment, as expected with administration of a regimen of conventional amphotericin B plus 5 flucytosine [8] . The clearance of infection, measured as EFA, was similar to that found in other studies that have used the same technique [9] . This end point is suitable for evaluation of new treatment regimens for this disease, as recently reported, and our results suggest that this new form of administration can be an effective alternative for clinicians in settings where lipid formulations of amphotericin B are unavailable or unaffordable [10] .
Decreased renal blood flow and increased tubular membrane permeability are believed to be the causes of amphotericin B deoxycholate nephrotoxicity, with incidence rates that may be as high as 50% [11] . Dose-dependent alterations in protein binding and distribution of amphotericin B deoxycholate may explain why nephrotoxicity has been less frequently observed among patients who received amphotericin B by continuous infusion [4, 6] . In our study, the rates of nephrotoxicity were comparable to those reported by previous studies with continuous infusion of amphotericin B deoxcyholate and were also similar to those reported in lipid formulation trials [11, 12] . Hypokalemia was frequently observed, as we expected. Continuous infusion can protect glomerular function but seems to have little effect with respect to tubular damage. Anemia was a very common phenomenon and was attributed to suppression of erythropoietin production by amphotericin B.
The safety of amphotericin B deoxycholate when administered via continuous infusion provides a new and promising strategy for the treatment of systemic mycoses. Our results suggest that continuous infusion could reduce nephrotoxicity while retaining fungicidal activity against C. neoformans. Larger and comparative trials are necessary to further evaluate this treatment regimen.
